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THE USE OF THIN LAYER CHROMATOGRAPHY FOR
THE DETERMINATION OF ANTIOXIDANTS IN
VULCANIZED RUBBER

G. M. Solodova, A. I. falyshev, and
Ye. Ye. Rostovtseva

Antioxidants are added to unvulcanized and vulcanized rubber
in order to protect them from the effect of the x:•.':.en of the air

and from ozone [I].Y The most varied combinations of antlox~dants
are used in mixtures of one In another. Methods of determinir:r th',
individual antioxidants and their mixtures are known .

In this article a method for the ouantitative -'e.er.::Jnatlon
"Cf neozone "A" (phenyl-B-naphthylaminelP, '4 u:UNA (?1-v!.enr:: I -:I-i:opropy1-
p-phenylenediamine) and p-hydroxyneozone (,-::;droxyc -,n:: -

0-naphthylamine) and their combined pre'zen:1., in crude v .'.anized
rubber mixtures and vulcanizates, i3 described. Cen c-ul and
spectrophotometrical methods for determininp theze ruh.'t•:aee. Ili a
mixture without their preliminar-j separaticn 1z un.:u!'--,1le. Tn -n
analysis of a oure mixture of the antioxidantr (neozne A, 1101,0'IA
and p-hydroxyneozone) their quantitat've determination u.:l-,n a
spectroDhotometric method i: possible by mean; of .olvjn'.- n
of equations. However, the oresence of .'oftenerj and :.-Ic.•t, ,oo
in the vulcanized rubber which have the -ame maxima of .
a.; the l11-ted antioxidanta [3] compllcate.z the analyo.;.-. III
connection with this a preliminary aeparn.t•ton of the antioxid.zl,..
wa.; made by the method of chromatograu:.. ,,Inr- a thin yoy- 1 ,'"

s;ilica irel. The juccess of thi-n metho-1 '. ,... krr [14-.r 1.
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Following the. separation of the antioxidants In the thIn layer
their identification and quantitative determination wao made photo-

colorimetrically (03H-M) and spectrophotometrically (Cco-4), by

using calibrated curves plotted based on pure antioxidants. In

order to check the method, mixtures of pure antioxidants a;- well as
vulcanized rubber mixtures and vulcanizates were used. "Me maximum

error of the method for a mixture of pure antioxidants amounted to

10%.

Preparation of the plates with the thin layer of adsorbent.
Seven g of HCH make silica gel, ground and screened through a

No. 014 sieve, are mixed with 17 mt of water and the entire

thoroughly mixed mass is applied as an even la,!er on a gla.-z olate,

18 x 14 cm in size.

The plate was dried for 2 hours in air In a steep horizontal

position, and then dried at 105 0 C in a thermostat for 30 min.

Preparation of the samples of the analyzed vulcanized rubber

mixture and vulcanizate. About 1 g of a thinly sliced vulcanized

rubber mixture or vulcanizate is placed in an extraction fla.;k,

30 mt of acetone added and extracted for 30 min in a boillns. wiater
bath, and the extract poured into another fla!k. The wT,-.hcd

sample of extract was then treated w-t"h fresh c:.tions of acetone
and extracted twrice, using 30 mZ of acetone each tim÷. Th.: exee.;._
of acetone was boiled down to 25 mt.

The obta-!ned solution was analyzed chronato~rraohica, P.

Chromatographic analysis of the extract. From a .tt V-

point locate.: 1-2 cm from th,! edge of the plate, 0.! rni -ron.- of,

the analyzed .;olutlon and the "check-" :.'luton.,; o-'tn:da:-i'::,

matt:rlal:; were arpl1ed to the plate 2 cr Irfo= one -. ::thr, u. ",-- a

micropipette. Th-e plate was olaced In 2 &!rrnatn-:.ar:c• .::,,:.

FTD-HT-2 3-1052-72 13est Ava'lable COPY



Mixtures of 'the solvents: benzene, acetone and concentrated
ammonia at ratios (100:5:0.1) were used as the moving phase for
the separation of the neozone s, 401ONA and p-hydroxyneozone.

Following the front advancement of the solvent at a height
of 12-15 cm the plate is removed from the chamber and dried sliijhtly
in air. Thcn, the plate is put under an ultraviolet light, and the
location of the spots for the analysis is determined, by comparing

them with the location of the "check" spots; using the point of a
needle or scalpel the identified zone is marked off by the glow of'
the spots of antioxidants. The values of the antioxidants are
presented in Table 1.

Table 1. Values of Rf and the coloration of
the antioxidant in ultraviolet light.

Antioxidant al 1 r1rt±,

;*'&,zone A 0.54 BI:tviel' t
. O1ONA 0,73
!,-hydroXzneozons 0.42(1) Pal,2 113v

The spots encircled with the scal.el were collected 1.1 %
funnel with a No. 4 glass filter uzing vacuum (.'.-ure).

Device for iettli.v the
. tarret zone w'th a

chromato raph. 1 - !No. 4
glax:- ftter .with a porou:
bottor.. (Nio. 14 ..ealed
ground Jc'tnt); 2 - r-Ohape.d
tube (.ao. 2) .-eale.i rroun!
Joint); 3 - trnt tu!-.- with
an out1I-; !V•. 11!
ground .7tInt).
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The antioxidants were washed from the filter and the -ilca

fr~el using hot ethyl alcohol, into a test tube with an outlet

connected to a Jet pump. Each antioxidant was collected In a 25 ml

graduated flask for the subsequent colorimetric analysis on a 09KH-M.

Neozone A and p-hydroxyneozone were determined accordIng, to their

reaction witzi diazotized para-nitroaniline (raspberry otaln) [61,

401ONA - with an oxidizing mixture [7], which is made In the.

following way:

0.5 g of the oxide of copper ac,,tate, 4.66 g of calcium
chloride, 10 ml of 0.5 N hydrochloric acid solution and 250 ml

of water were mixed in a 1 Z graduated flask, and ethyl alcohol

slowly added to the one liter mark.

In analyzing the artificial mixture.: by this method, the

relative error did not exceed 10%.

The analytical results of several commercial products are

given In Table 2.

Table 2. The determination of the concentration
(in %) of antioxtdants In crude vulcaLnized rubber
mixtures and vulcanIzates.

* x•'.* i! 1I~ c:I ,ntt5X1d~nt tntm--
duced is

I lleozor&OA 0.65 OA5 0,1 M JS I:4eo- e,11 *O.• *0. 0.,4 5.0 14.5

p~sYtOY0LV .*65 0,13 0,47 Is,0 27.0

2 1,25 1 X1 1.20 2.4 6.1'
'.31.A 1.ft tlO 1,10 14.0 14.(&

p.,ydrcxpywoVon 0,c *,t# £,47 =.0 7.,O
3 1::e -,:- :,c 1,.0 1..37 1.4 6.3 I.:,

0,L *.1' O,&S o5 .0 I t.
Sp-l.ydrcxyeoz~n' Oa, OZ 0i,44 11.0 2l;.O

Remark 1. The relative error tn the analy.ol; of
the crude vulcanized rubber mixturoe. (I) and of
the vulcanlzates (II) in certain ct.:e: reache:: more
than 20%, whIch can be exi]3r,.?cd by:, thse Incomplet,
deoorption of the antloxidant." fv,1.n the vulcan:!::,'l
rubl,'r:" matde with carbon blook.
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Table 2. (Cont'd).

2. The content (in g) of the analyzed mixtures foro
Nos. 1, 2 and 3, respectively:

":atural rubber ......... i00 100 100

Stearin ................ 2 2 2
Neozone A .............. 1 2 2
4o'-.ONA ................. 1 2 1

-A ydroxyneozone ...... 1 1

ED[ Zinc oxide ............. 5 5

Lamp black ............. 40 40 40
Sulfur ................. 3 3 3

Aluminum oxide was also used as an adsorbent for the chromato-
graphy (TY 2962-54); the thickness of the unattached layer on the
plate was 1 mam. Benzene was used for the separation of the mixture.
The error of the analysis was the same as In the previous experiments.
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